1 3 2 with a pycnometer; K is 35 for tube number 3 used in this test; T is displacement time of the stainless-steel 1 3 3 ball in glass tube number 3. 1 3 4 1 3 5
A completely randomized design was used with a factorial arrangement of 2*2. The factors were polymer-1 3 6 bacterium ratio (80:20 and 70:30 vol / vol) and microorganisms (XT13 and XT14) plus a control treatment of 1 3 7 sodium alginate at 3.2% without bacteria. The experimental design consisted of five treatments T1: sodium 1 3 8 alginate at 3.2%; T2: XT13 strain with a ratio 80:20 (polymer:bacterium), T3: XT13 strain with a ratio 70:30 1 3 9 (polymer:bacterium), T4: XT14 strain with a ratio 80:20 (polymer:bacterium), T5: XT14 strain with a ratio 1 4 0 70:30 (polymer:bacterium) with three replicates each one; 50 mL of each treatment were incubated In 250mL Four prototypes were formulated with the polymer-bacterium (80:20 and 70:30 vol / vol) ratio for each one of 1 4 7 the strains. The spore suspensions were obtained in the fermentation process; 200 mL and 300 mL of these 1 4 8 1 7 1 (Vacuum Desk II, Denton, Scotia, NY) . Visualization was performed in a scanning electron microscope (S-1 7 2 3000N, Hitachi, Tokyo, JP) at 15 kV, using an angle of 45° (image angle at the electron beam). The Macrobeads (0.2 g) were weighed and placed on very fine 5 x 5 cm (10-20 mm) nylon mesh, and 2.5 cm were 1 7 8 placed under the soil surface in plastic pots (90 x 80 x 60 mm) using the procedure described by Bashan et al.
1 7 9 (2002) . Non-sterile soil collected in Cesar Department, Colombia was used for the experiment, which was 1 8 0 also commercially used for guinea grass sowing, and whose physical-chemical characteristics were the 1 8 1 following: pH (7.15), organic matter (3.02%), effective coefficient for cationic exchange (15.23 cmol / kg), P The experiment was incubated in a phytotron at a temperature of 29 ± 2 ºC, 60% humidity and a photoperiod 1 8 7 of 16:8 h of light:darkness. Sterile distilled water addition for each one of the plastic pots was 2 mL/week.
8 8
The experimental design consisted of four treatments T1: XT13 (80:20), T2: XT13 (70:30), T3: XT14 1 8 9
(80:20), T4: (70:30) each of them performed with three replicates and repeated twice. Sampling days were 1 9 0 (0), (1), (5), (10) and (15). The response variables of this experiment were (a) macrobead weight of each 1 9 1 treatment and (b) cell viability of the macrobeads of each treatment. The serial dilution technique was used to determine number of viable cells (total CFU/ g of macrobeads) in 1 9 5 TSA medium starting from immobilized spores (see section 2.3.1.2); then, 0.2 g of macrobeads were 1 9 6 dissolved in 20 mL of sodium citrate (4% p/vol) and agitated at 300 rpm for 45 min. Subsequently, it was 1 9 7 centrifuged at 4.637 x g for 10 min. Immediately, the spore pellet was resuspended in 1 mL of NaCl at 0.85%; 1 9 8 aliquots of 100 µl were taken adding them to 900 µl of NaCl at 0.85%, performing subsequent dilutions up to 1 9 9 10 -8 . Then, from the 10 -8 dilution, aliquots of 100 µl were plated in Petri dishes with trypticase soy agar (TSA, 2 0 0 Difco Laboratories, Detroit, MI, USA.) culture medium, which were incubated at 30 °C for 24 h for 2 0 1 subsequent counting. The experiments were performed in the Centro de Investigación de Motilonia de Agrosavia located in 2 0 5
Departamento del Cesar, Colombia in a greenhouse with semi-controlled conditions. Based on the 2 0 6 experiments previously described, the formulation of the chosen prototypes for this trial were Bacillus sp.
0 7
XT13 in Na-Alg at 3.2% and a polymer:bacterium ratio of 70:30 while B. megaterium XT14 was used in a 2 0 8 polymer:bacterium ratio of 80:20 with the same Na-Alg percentage as that for strain XT13. Polyethylene 2-kg 2 0 9 bags were used and filled with 1.5 kg of soil with the same chemical characteristics mentioned previously.
1 0
The M. maximus var. Jacq guinea grass seeds were sterilized in surface with sodium hypochlorite at 3% for 2 1 1 three min and rinsed three times in sterile water. Inoculation was performed at the moment of sowing.
1 2
Treatments 3, 4 and 5 were inoculated with 5 mL of each bacterium at a concentration of 10 8 CFU* mL -1 .
1 3
Treatments 6,7 and 8 were applied 0.2 g of sodium alginate mixed with 0.5 g of guinea grass seeds.
1 4
Subsequently, water irrigation of 188 mL was applied per plant every day until they were established (24 2 1 5 days). Then, to induce them to a moderate drought stress, 94 mL of water (that is, 50 ± 5% in field capacity 2 1 6 weight) were applied every four days until day 99. Irrigation was stopped immediately for six days to subject 2 1 7 plants to a severe stress (without water). In total, the experiment lasted 105 days. Then, the destructive 2 1 8 sampling was performed, and the foliar tissue of each one of the treatments was frozen in liquid nitrogen; 2 1 9 samples were prepared for determining enzymatic activity of ascorbate peroxidase (APX) and proline.
0
Additionally, values of the morphometric variables of dry weight of the aerial biomass part and root were 2 2 1 taken. Finally, protein content, digestibility and neutral digestible fiber (NDF) were taken following the Near XT13 without polymeric formulation with drought stress; (6) XT13 and polymeric formulation with drought 2 2 8 stress; (7) XT14 and polymeric formulation with drought stress; and (8) XT14 plus XT13 and polymeric 2 2 9 formulation with drought stress. In the treatments with the application of XT13 plus XT14, each strain was 2 3 0 produced and immobilized separately and mixed in a ratio of 1:1. (2):
2 5 1
Where: y ij : corresponds to the variable observed; β 0 : is the interceptor for the regression; β 1 : is the regression 8 8 variables assessed: weight loss (g) of the macrobeads and cell viability of the macrobeads in soil, indicating 2 8 9 tehir possible degradation; the most rapid and evident degradation of the macrosbeads in soil was in the 2 9 0 proportion polymer:bacterium 70:30 with Bacillus sp XT13 with a weight loss of 0.06 g and a decrease in cell 2 9 1 viability of 20.5% equivalent to 2.513 UFC mL -1 , and whose slope value (m) was m: -0.142. The proportion 2 9 2 80:20 followed with Bacillus megaterium XT14, showing a weight loss of the macrobead of 0.03 g and a 2 9 3 decrease of cell viability of 16.74% equivalent to 1880 UFC mL -1 and whose slope value (m) was m: -0,105 2 9 4 ( Fig. 4 a, b ). The treatment with the greatest significant effect on dry biomass of the aerial part was evident in the bacterial 3 0 0 For the three response variables related with nutritional quality (crude protein, neutral digestible fiber and 3 1 0 digestibility), a similar tendency was observed in all the treatments. The results showed that crude protein and 3 1 1 digestibility of guinea grass increased 20% and 3% when the microorganisms immobilized in macrobeads 3 1 2 were applied, compared with the non-immobilized strains; similarly, in neutral digestible fiber (NDF), a 3 1 3 decrease of 4% was found in this same condition ( Fig. 5a and 5b ascorbate/min/mg of plant tissue. The two treatments that followed with significant influence were Bacillus 3 2 8 megaterium XT14 immobilized and the immobilized microorganism mix with 136.37 and 146.07 nmoles 3 2 9 ascorbate/min/mg of plant tissue (Fig. 6b ). were capable of inducing tolerance to drought in Guinea grass improving its growth. Besides microorganisms, 3 4 1 polymer has a significant role in the immobilization process for dry macro-polymeric matrix production. In 3 4 2 this study, we used sodium alginate and performed experiments under conditions in vitro to evaluate and 3 4 3 determine the necessary conditions to immobilize the strains of interest in dry macro-polymeric inoculant. We 3 4 4 hypothesized that if the strain is capable of consuming and degrading alginate, the polymeric matrix 3 4 5 biodegradability will be greater, which will be observed both with the progressive decrease in weight and cell bacteria only showed a non-significant decrease of alginate viscosity at 24 h, likely caused by shear forcing 3 6 0 generated at 100 rpm. During the other sampling times, the viscosity in this treatment was constant. In the 3 6 1 treatments with bacteria, the only strain that decreased (P < 0.05) alginate viscosity was Bacillus sp. XT13 in 3 6 2 both polymer: bacterium ratios, suggesting that this strain have alginolytic activity (Fig 3a and 3b) . Alginates 3 6 3 can be disassembled by alginate lyases to monosaccharides or alginate oligosaccharides, and the latter 3 6 4 exhibits many fascinating bioactivities (Wang et al. 2012 ). According to Michel et al. (2006) , the metabolic 3 6 5 capacity to degrade and be used as carbon source in alginate has been little studied and observed only in 3 6 6 bacterial genera, such as Pseudomonas sp. and Bacillus sp. These results indicated that Bacillus sp. XT13 was 3 6 7 capable of degrading and consuming alginate. polymer:bacterium 70:30 ratio whose weight loss of the macrobeads was 0.06 g (equivalent to 2.382 UFC 3 8 6 mL -1 ) and 0.058 g (equivalent to 1.657 UFC mL -1 ) in the ratio 80:20 during the 15-day assay, so we selected 3 8 7 70:30 for Bacillus sp. XT13 to perform the immobilization process. With respect to Bacillus megaterium 3 8 8 XT14, the fastest release was observed with the ratio 80:20 whose weight loss was 0.03 g (equivalent to 1.880 3 8 9 UFC mL -1 ) and 0.05 g (equivalent to 1.550 UFC mL -1 ) in the ratio 70:30. Thus, we selected the ratio 80:20 to Subsequentely, we investigated the effect of the immobilization process on the capacity of XT13 and XT14 to 4 5 1 induce hydric stress tolerance. We hypothesized that macrobead immobilization had a positive influence in 4 5 2 the capacity of XT13 and XT14 to induce hydric stress tolerance. To test this idea, we compared the 4 5 3 inoculated plants with immobilized bacteria in dry macro-polymeric matrix against those treatments where 4 5 4 bacterial application was performed without immobilization. For dry measured biomass, we confirmed 4 5 5 increases of 7.32 and 25.3% in the aerial part and root when the immobilized mix of Bacillus sp. XT13 4 5 6
and Bacillus megaterium XT14 was applied. On the other hand, a greater beneficial effect of the strains was 4 5 7 observed when they were immobilized under the nutritional quality parameters performed because 4 5 8 digestibilitiy increased 3.32%, NDF decreased 2.43% and protein increased 20.3% when co-inoculation 4 5 9 (XT13+XT14) was applied. With respect to proline osmoprotectant osmolyte, we noted a significant increase 
